The aim of the present study was to investigate the antioxidative potential of components extracted from the indigenous medicinal mushroom, Schizophyllum commune, using solvents of different polarities. The effectiveness of antioxidants in each solvent fraction was evaluated by quantitating the total phenolic content, 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity, cupric ion reducing antioxidant capacity (CUPRAC), peroxidation inhibition in the egg yolk system, metal chelating potential, and β-carotene bleaching activity. Our findings revealved that the ethyl acetate fraction of S. commune had a phenolic content of 82.42±7.23 and exhibited good activities for DPPH radical scavenging (70.52±2.17%), CUPRAC (0.38±0.03), peroxidation inhibition (73.38±1.39%), metal chelating (81.29±4.19%), and β-carotene bleaching (63.25±2.5%) at concentration of 0.1 to 1.0 mg/mL. In addition, gas chromatography-mass spectrometry and liquid chromatography-tandem mass spectrometry were used to determine the volatile and non-volatile constituents of the potent antioxidative ethyl acetate fraction from cultivated S. commune fruiting bodies. This comprehensive analysis demonstrates that the ethyl acetate fraction of S. commune fruiting bodies is a viable source of natural antioxidants that can be utilized for functional foods and nutraceutical applications.
Introduction
Numerous physiological processes in living organisms produce oxygen-centered free radicals and other reactive oxygen species (ROS) as by-products. The most common free radical species are superoxide radicals, peroxide radicals, reactive nitrogen radicals and nitric oxide (Halliwell, 1996) . The uncontrolled production of free radicals and ROS can result in cell death and tissue injury (Cheung et al., 2005) . Oxidative damages caused by free radicals contributes to a wide variety of pathological conditions, including atherosclerosis, respiratory disorders, neurodegenerative diseases, inflammatory diseases, cancer, hypertension and ageing (Anderson, 1999) . Almost all organisms have evolved antioxidant defenses and repair systems to protect them against oxidative damage. For example, mammalian cells possess intracellular antioxidants, such as superoxide dismutase, catalase, and glutathione peroxidase, which protect against the formation of free radicals (Ferreira et al., 2006) . However, these systems are insufficient to completely prevent oxidative damage. Thus, exogenous dietary antioxidants, which can scavenge free radicals and oxidants, have been suggested as beneficial protective agents for the human body. Therefore, the consumption of dietary antioxidants might prevent diseases.
Mushrooms are functional foods that can be a great source of nutrition and physiologically beneficial, non-toxic medicine (Wasser & Weis, 1999) . Mushrooms can contain a wide variety of free radical scavenging molecules, including polysaccharides, polyphenols, and dietary antioxidants (vitamin C, E, and carotenoids) that have been of particular interest in the fight against degenerative diseases. So far, phenolic compounds are considered to be one of the most important non-essential dietary components for inhibiting free radicals in the prevention of vascular diseases, some forms of cancer, and destructive oxidative stress (damaging DNA, protein and 
Investigation of Antioxidant Activity of S. commune Mushrooms
The antioxidant potential of S. commune solvent fractions was investigated using the following standard assays and compared to quercetin, a natural antioxidant compound.
Total Phenolic Content (TPC)
TPC of S. commune solvent fractions were quantified using Folin-Ciocalteu reagent based on a modified version of the Slinkard and Singleton method (1977) . Briefly, 250 μL of 10 % Folin-Ciocalteu reagent, was added to 250 μL of each solvent fraction and shaken. After 2 minutes, 500 μL of 10 % sodium carbonate solution was added.
The mixture was incubated in the dark for 1h before absorbance was read at 750 nm. TPC was calculated on the basis of the calibration curve of gallic acid (2-10 μg/mL) and expressed as gallic acid equivalents (GAEs), in mg/g of extract.
2.4.2 Scavenging Effect on 1,1-diphenyl-2-picrylhydrazyl (DPPH) Radicals
The DPPH radical scavenging assay was done following the method of Noorlidah et al. (2012) . Aliquot (0.1 mL) of each solvent fraction with different concentration (0.1 and 100 mg/mL) was mixed with 3.9 mL of 0.06 mM DPPH dissolved in methanol. The solution was shaken vigrorously and the absorbance was measured at 515 nm, using methanol as blank. The decrease in absorbance was monitored at 0 min, 1 min, 2 min, and every 15 mins until the reaction reached its plateau. The percentage of free radical scavenging activity, was calculated using the following equation:
where A 0 is the absorbance of 0.06 mM methanolic DPPH only, and A s is the absorbance of the reaction mixture. IC 50 value (half maximal inhibitory concentration) of the most potent solvent extract was calculated from the graph of radical scavenging activity against extract concentration.
Cupric Ion Reducing Antioxidant Capacity (CUPRAC)
The CUPRAC assay was performed according to the method of Ozturk et al. (2007) with some modifications. The test mixture contained 1 mL of each of the following: 10 mM of copper (II), 7.5 mM neocuproine, and 1 M ammonium acetate buffer (pH 7.0). Briefly, 1 mL of solvent fraction (0.1-100 mg/mL) was added to each reaction tubes to achieve a final volume of 4 mL. The tubes were then incubated for 30 min at room temperature before absorbance at 450 nm was recorded against a blank.
Inhibition of Lipid Peroxidation of Buffered Egg Yolk
Inhibition of lipid peroxidation was determined according to the method of Daker et al. (2008) . Briefly, the reaction mixture contained 1 mL of fowl egg yolk emulsified with 0.1 M phosphate buffer (pH 7.4) to obtain a final concentration of 25 g/L and 100 μL of 1000 μM FeSO 4 . Concentration of 0.1-100 mg/mL of each solvent fraction was added, shaken and incubated at 37°C for 1h before being treated with 0.5 mL of freshly prepared 15% trichloroacetic acid (TCA) and 1.0 mL of 1% thiobarbituric acid (TBA). The reaction tubes were further incubated in a boiling water bath for 10 min. The tubes were then cooled to room temperature and, centrifuged at 3,500 g for 10 min to remove the precipitated protein. Finally, the formation of thiobarbituric acid reactive substances (TBARS) in 100 μL of supernatant was determined by reading the absorbance at 532 nm. Buffered egg with Fe 2+ only was used as control in this assay. The percentage inhibition (IC 50 ) was calculated using the following equation:
where A 0 is the absorbance of the control, and A s is the absorbance of the sample. IC 50 value (half maximal inhibitory concentration) of the most potent solvent extract was calculated from the graph of inhibition of lipid peroxidation against extract concentration.
Metal Chelating Activity
The ability of the fraction to chelate iron (II) was estimated according to the method of Dastmalchi et al. (2008) . An aliquot of each sample (200 µL) was mixed with 100 µL of FeCl 2 ·2H 2 O (2.0 mmol/L) and 900 µL of MeOH. After 5 min, the reaction was initiated by addition of 400 mL of ferrozine (5.0 mmol/L) and further incubated for 10 min. Then absorbance was read at 562 nm. The chelating activity (%) was calculated using the following equation:
2.4.6 β-carotene Bleaching Assay β-carotene bleaching activity of the various mushroom solvent fractions (0.1 to 100 mg/mL) was evaluated according to the method of Noorlidah et al. (2012) with some modifications. Briefly, 2 mg of β-carotene was dissolved in 10 mL of chloroform. Then, linoleic acid (40 μL) and Tween 80 emulsifier (400 μL) were added to this mixture and subsequently chloroform was evaporated under vacuum prior to the addition of 100 mL of distilled water. Then, 4.8 mL of this mixture was mixed with various concentrations of each solvent fractions and the absorbance was measured at 470 nm. The percentage inhibition was calculated using the following formula:
where A 0 is the absorbance of the control, and A s is the absorbance of the sample.
Mycochemical Characterization of S. commune

Liquid Chromatography -Tandem Mass Spectrometry (LC-MS/MS) Analysis of the Ethyl Acetate Fraction of S. commune
The LC-MS/MS analyses were carried out using AB Sciex 3200 Q trap with Perkin Elmer UHPLC FX15. The chromatograph was coupled to an electrospray ionization (ESI) mass spectrometer through a turbo V spray source. The analytical condition employed a phenomenex aqua column (50 mm x 2.1 mm, particle size 3 µm), mobile phase nitrogen, an, optimum flow rate of 0.4 mL/min, and an injection volume of 10 µL. The diode array detector recorded the spectra from 100 to 1200 nm. The MS analyzer was operated in the ESI negative mode.
Gas Chromatography-Mass Spectrometry (GC-MS) Analysis of the Ethyl Acetate Fraction of S. commune
GC/MS analyses were performed on a gas chromatograph directly coupled to a mass spectrometer system. HP-5ms silica capillary column (30 m x 250 µm, 0.25 µm film) was used under the following conditions: oven temperature program from 70°C (2 min) to 300°C (6 min) with the final temperature maintained for 29 min; injector temperature of 250°C; He carrier gas, flow rate of 1 mL/min; injection volume of 1.5 µL; splitless injection technique; ionization energy of 70 eV, electronic ionization (EI) mode; ion source temperature of 200 °C ; scan mass range of 50-550 m/z; and interface line temperature of 300°C . Peak identification was based on comparison with mass spectra from the National Institute of Standards and Technology (NIST 08 and NIST 08s) library and published data.
Statistical Analysis
All experiments were performed in triplicate and data were recorded as means ± standard deviations. Statistical analyses were carried out using one-way analysis of variance (ANOVA). Differences among means were analysed by least significant difference at 95% (P<0.01).
Results and Discussion
TPC
As shown in Figure 2a , analysis of the distribution of phenolic compounds in S. commune solvent fractions revealed that the dichloromethane fraction contained the highest phenolic content (86.51±6.70 mg GAE/g), followed by the ethyl acetate (82.42±7.23 mg GAE/g), aqeous residue (59.39±8.13 mg GAE/g), crude (41.51±1.14 mg GAE/g), and hexane (37.12±4.77 mg GAE/g) fractions. In regard to the relationship between TPC and the antioxidant activity, it has been reported by several researchers that phenolic compounds in mushrooms significantly contribute to their antioxidant properties. In this study, there was positive correlation between TPC and metal chelating ability (r 2 =0.765), which was highly significant (p<0.001). In addition, there was significant correlation between TPC and antioxidant capacity (r 2 =0.415, p<0.001), as shown by the β-carotene bleaching assay. Indeed, antioxidant activity increased proportionally to the phenolic content, and a linear relationship between DPPH-radical scavenging activity and TPC was established (r 2 = 0.084, p<0.001). Additionally, TPC was significantly correlated with antioxidant activity as measured by both the CUPRAC (r 2 =0.015, p<0.001) and lipid peroxidation (r 2 = 0.015, p<0.001) assays.
Scavenging Activity Against DPPH Radical.
The DPPH radical assay is most commonly used for investigating the antioxidant activities of natural compounds. In the DPPH assay, solvent fractions or extracts are tested for their ability to reduce the stable radical DPPH • to the yellow-colored diphenylpicrylhydrazine. Specifically, the method is based on the reduction of alcoholic DPPH solution in the presence of a hydrogen-donating antioxidant, which results in the formation of a non-radical form of DPPH (DPPH-H) (Shon et al., 2003) . As seen in Figure 2b , the ethyl acetate fraction of S. commune showed the highest activity in this assay (70.52±2.17 mg/mL; IC 50 -70 µg/mL), which was higher than www.ccsen the positiv fractions is revealed n activity, in of medium fractions, t
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The reduci produced antioxidan antioxidan iron solub give value on the red commune acetate fra studies hav procedure reducing p fraction ex residue fra Vol. 5, No. 6; 2013 lipid radicals. In this process, double bonds of lipids undergo rearrangements that result in destruction of lipids, producing breakdown products, such as malondialdehyde. Thus the estimation of malondialdehyde in a mushroom fraction helps to evaluate its protection level against lipid peroxidation, (i.e., antioxidants present in sample protect against the hazardous effects of free radicals on unsaturated fatty acids, minimizing the production of malondialdehyde) (Michielin et al., 2011) . In our study, lipid peroxidation induced by Fe 2+ was estimated by the presence of TBARS. The ability of the various S. commune solvent fractions to inhibit peroxidation of phospholipids in egg yolk is shown in Figure 2d . These data demonstrate that the, ethyl acetate fraction exhibited the highest inhibition of lipid peroxidation (73.38±1.39%; IC 50 -9.0 µg/mL) followed by dichloromethane (69.75±5.81%) water residue (68.30±6.33%) hexane (64.43±4.18%) and crude extract (60.88±4.34%) respectively. Moreover, quercetin showed a lower inhibition potential compared to the ethyl acetate fraction (59.91±1.19%).
The process of lipid peroxidation has been suggested to proceed via a free radical chain reaction (Halliwell, 1989) , which has been associated with cell membrane damage. This membranouse damage has been suggested to contribute to various diseases, including diabetes. Incubation of egg yolk homogenates in the presence of FeSO 4 causes a significant increase in lipid peroxidation. It is possible that the high level of inhibition on lipid peroxidation displayed by the ethyl acetate fraction is related to the presence of phenolic compounds, which have been correlated with antioxidant activity (Gulcin et al., 2002) .
Metal Chelating Activity Assay
Transition metals, such as iron, can stimulate lipid peroxidation by generating hydroxyl radicals through the Fenton reaction, accelerating lipid peroxidation into peroxyl and alkyl radicals. Therefore, these metals can drive the lipid peroxidation reaction. Chelating agents can inhibit radical generation by stabilizing transition metals, consequently reducing free radical damage. In addition, phenolic compounds have the potential to bind to metal ions due to their chemical structures, and have been shown to exhibit antioxidant activity through the chelation of metal ions (Zhao et al., 2008) . For the metal chelating assay, chelating agents disturb, ferrozine complex formation resulting in a decrease in the red color. As shown in Figure 2e , the iron chelating ability of the ethyl acetate fraction (81.29±4.19%; IC 50 -49 µg/mL) was the most active, but was lower than that of ethyl acetate fraction and the controls, quercetin (85.19±7.87%) and EDTA (82.49±9.03%). Moreover, the chelating abilities of the other fractions, including hexane (80.89±1.19%), crude (78.51±3.15%), water residue (72.06±3.79%) and dichloromethane (68.96±1.61%). These data suggest, that the extracts can protect against oxidative damage by sequestering iron (II) ions, which may otherwise catalyze Fenton-type reactions or participate in metal catalyzed hydroperoxide decomposition reactions (Dorman et al., 2003) . On the other hand, the iron (II) chelating properties of the fractions be attributed to the presence of endogenous chelating agents, mainly phenolics. In fact, certain phenolic compounds have functional groups that are oriented in a manner that, can allow chelation of metal ions (Thompson et al., 1976) . Chelating agents may serve as secondary antioxidants because they reduce the redox potential, thereby stabilizing the oxidized form of metal ions. Thus we propose that the low moderate ferrous ion chelating effects of the ethyl acetate fraction could protect against oxidative damage.
β-carotene-linoleic Acid Bleaching Assay
While iron (III) reduction and synthetic free radical scavenging models are valuable tools for analyzing the potential antioxidant activity of natural compounds, these systems do not use a food or biologically relevant oxidizable substrate; therefore, no direct information regarding protective action of the extracts can be determined (Dorman et al., 2003) . For this reason, it was considered important to assess the inhibitory effect of S. commune extracts on the oxidation of β-carotene. In the β-carotene bleaching assay, oxidation of linoleic acid produces hydroperoxide-derived free radicals, which attack the chromophore of β-carotene. This, results in a bleaching of the reaction emulsion. Thus, an extract that is capable of retarding/inhibiting the oxidation of β-carotene can be described as a free radical scavenger and primary antioxidant (Liyana-Pathirana & Shahidi, 2006) .
As can be seen in Figure 2f , all of the extracts were capable of inhibiting the bleaching of β-carotene by scavenging linoleate-derived free radicals. The ethyl acetate fraction was more effective than (the ascorbic acid control) (63.25±2.5%). It has been suggested that the polarity of an extract might impact its activity in water (i.e., non-polar compounds can be are more effective antioxidants than polar compounds due to a 'concentrating effect' within the lipid phase). However, in this work we have used different solvent fractions and found an appreciable inhibition of β-carotene bleaching using the ethyl acetate fraction of S. commune. This phenomenon has been described by Koleva and his co-author, who reported inhibition of bleaching of β-carotene by a polar extract of Sideritis species (Koleva et al., 2002) . According to the β-carotene bleaching data, the ethyl fraction was capable hyl acetate fra analysis were ed from alread S. commune w ethyl-9-methyl acid ethyl est (14.23%), and the ethyl ace Vol. 5, No. 6; 2013 biological activities. In fact, niacinamide, was reported to be an effective dietary precursor for NAD + and to inhibit poly ADP-ribose polymerase-1 (PARP-1) activity (Surjana et al., 2010) , In addition, ergosterol not only reduces inflammation related pain and decreases incidence of cardiovascular diseases, but also has antioxidant, antimicrobial, anticomplementary and antitumor activities (Yuan et al., 2006) . Also, linoleic acid ethyl ester has been reported to possess antioxidant activity (Fagali & Catala, 2008) . Therefore, the presence of these phytochemicals makes S. commune a potential source of bioactive compounds. Vol. 5, No. 6; 2013 
